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Experimental Study for Thermal –Hydraulic Performance of 








This paper presents a study of heat transfer enhancement and pressure drop in a semi-
circular duct for different geometric shape namely:flat , corrugated and dimple plate.A three 
ducts are  fitted withtwo types of perforated baffles ( rectangular baffles with  open area ratio 
of 28 %andsemi-circularbaffles with  open area ratio of 16.6 %). The tested duct has a 
constant wall heat flux condition. The experiments are carried out under varying airflow rate 
in terms of Reynolds number ranging from 3826 to 18750. The experimental data of heat 
transfer and pressure drop of the duct fitted with perforated baffles are compared with those 
of the plain duct under similar condition. The (Nu/Nuo) value is obtained for dimple semi-
circular duct withsemi-circular baffles(DS) which is  found to be about 1.98 - 4 time over the 
flat plain duct and 1.8 - 3.8,1.7-3.5, 1.6 -3,1.57-2.7, 1.47-2.5, 1.26-2, 1.1-1.6forCS, DR, FS 
,CR FR, D and C respectively time over the flat plain duct and the higher thermal 
enhancement factor is found to be 3 for dimple duct with semi-circularperforated baffles(DS). 
 
Keywords: circular duct, Nusselt number, Friction factor, perforated baffles. 
 
INTRODUCTION 
There are several ways to enhance the heat 
transfer, one of the most important these 
methods is using the baffles. The baffles 
methods are used in different industrial 
applications namely: air-cooled solar 
collectors, shell-and-tube heat exchangers 
with segmented baffles, internally cooled 
turbine blades, and cooling of 
microelectronics. The baffles leads to 
increase the effective surface area and the 
fluid flow time, hence using the baffles 
leads to improves the heat transfer. 
 
The main purpose of used the baffles is the 
separate flow, reattach and create reverse 
flow. In recent years, many researchers 
have been studiedthe effect of the baffle-
walled in channel heat exchangers. Most 
these studies have been discussed the 
optimal baffle geometry that caused 
enhance on the  performanceof heat 
transfer for a given pumping power or 
flow rate. While the use of solid baffles 
results in significant heat transfer 
enhancement, the associated increase in 
pressure drop and higher local thermal 
stress at the root of the baffle is of 
concern.Thus warranting the exploration 
of the use of perforated baffles to enhance 
the heat transfer while keeping the 
pressure drop to a minimum.Afify et al [1] 
investigated experimentally the effects of 
the baffle alignment (in-line and 
staggered), Reynolds number, open area 
ratio, baffle pitch and baffle height on the 
heat transfer enhancement, friction factor, 
and the thermal performance for turbulent 
flow of air in a rectangular duct with 
perforated baffles. EL-Shamy[2]was 
investigated the turbulent flow and heat 
transfer behavior in an annulus with 
perforated disk –baffles aligned along the 
inner heated tube surface, air  was used as 
a working fluid .The study was conducted 
for solid and perforated disc-baffles open-
area ratio of 6%,12%,and 18% within a 
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about 20000-50000,andfor three different 
values of baffle pitch to equivalent 
diameter ratios of 2,4,and 8. The effects of 
the baffle open area ratio, the baffle 
spacingand flow Reynolds number on the 
thermal performance were examined. The 
result show that the Nusselt number 
enhancement ratio increase with increasing 
the baffle open area ratio and decreases 
with increasing the baffle pitch to 
equivalent diameter ratio .The perforated –
baffled annulus has a higher thermal 
performance than the solid –baffled 
annulus for all baffles configurations 
studied and the perforated baffles with 
open area ratio of 18% perform the highest 
efficiency indices under aconstant power 
constrain.  
 
Lin [3] explored the local heat transfer in a 
rectangular channel with baffles and 
analyzes the experimental results of baffles 
with different heights and pores in the 
event of five Reynolds numbers and three 
heating quantities. 
 
From the above-mentioned analysis of the 
available literature, it is found that there 
have not been any investigations on 
enhancing the heat transfer in an semi-
circular duct with perforated rectangular 
and semi-circular baffles Therefore, the 
objective of the present work is to study 
the turbulent flow and heat transfer 
behavior in semi-circular duct which 
surface made of flat ,corrugated and 
dimple wall with perforated rectangular 
and semi-circular baffles aligned along the 
inner heated duct surface, using air as a 
working fluid. The experimental 
measurements were performed to 
investigate the effect of the baffle 
geometry, the baffle open area ratio, and 
flow Reynolds number on the thermal 
performance. 
 
TEST RIG AND MEASURING 
INSTRUMENTS 
The experimental rig that has been used in 
current study shows in Fig.1The rig 
consists of a blower, inlet section, a test-
section, exit section and instrumentations 
to measure temperatures, air velocity, 
pressure drop and electrical power input. 
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The details of the apparatus are depicted as 
follows: 
(a) Air blower: To equip the system with 
the required air is used centrifugal air 
blower which operates by an electric 
motor with 0.8KW capacity and 2840 rpm 
.In order to controlled on the air flow 
rate,a control valve has been used .The 
control valve is connected direct with 
blower. 
 
(b) Test section: The test section is a 
horizontal semi-circular duct withdiameter 
9.8 cm, Thematerial of duct duct has been 
made from copper,0.5 mm in thickness. In 
this work three types of duct wall surface 
profile will be used, they are; duct made 
from flat plate,from corrugated plate ,and 
duct made from dimpled plate as shown in 
Fig. (2) [4] 
The wavysurface of duct are manufactured 
locally by bending .Stasiek et al. 
[5]werefound that a high heat transfer with 
lower pressure drop have been happened at 
average value of pitch to amplitude ratio of 
wavy wall between (3) to (3.5) ,where this 
value gave . Therefore, this ratio is kept 
constant at (3.4) throughout this work. 
The test section has 60 cm length, and an 
additional 60cm (10 dh), [6].hydrodynamic 
entry length so that flow would be fully 
developed as it enters the baffles section. 
heater(1000W/m
2
) controlled by a voltage 
alternator was wrapped around the test 
section to provide a constant heat flux 
condition along the duct wall. The outside  
of the test section was insulated with glass 
wool to minimize the heat losses.A three 




Fig. (2): Surface Profiles of the Ducts Wall. 
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(c) baffles:In this work two types of 
baffles are inserts in the test 
sectionnamelyrectangular and semi-
circular perforated baffle.Baffles are 
manufactured from copper with height (w) 
of each rectangulare baffles (R) is 1.2  cm 
,the semi-circulare baffls (S) with ro is 4.9 
cm and ri is 3.7cm  .The distance between 
two successive baffles (pitch,Bp) is 
(10cm).Fig.(4) and Fig.(5) show a  
schematic diagram of baffles and the 
baffles samples will be tested respectively  
The open area ratio β of the perforated 
baffles is  defined as the ratio of the area 
of the perforations to the baffle frontal area 
given byequs,(1)&(2) 
Β = n[(𝜋 4 ) d²/ bw ] for rectangular baffle.                               
(1) 
B = n[(𝜋 4  d²)  /  
𝜋
2 (𝑟𝑜
2 − 𝑟𝑖2)]for 
semi-circular baffle.         (2) 
 
When n is the number of the holes drilled 
through a baffle and d the hole 
diameter..The open area ratio was 
increased by increasing the diameter of the 
holes is more effective than the increase in 
number of holes [7 ]. 
 
Table. 1 summarizing the main dimensions for both  ducts and baffles 
 
 
Fig.(4) : A schematic diagram of the tested baffles 
 
 
Fig.(5): The rectangular and semi-circular perforated baffles 
 
Table 1.The main dimensions of the ducts and baffles 
 
(CuZn37( Material of duct[4] 
0.5mm Duct thickness 
6 cm Hydraulic diameter of ducts, (dh) 
60 cm Test section length, (Lt) 
9.82 cm Semi-circular duct diameter, (d) 
Dimpled duct [4] 
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5.5 mm Dimpled diameter, (Dd) 
2.3 mm Dimpled depth, (e) 
corrugated duct [4] 
8.5 mm pitch length, (Ps) 
10 mm Wave length, (Ss) 
2.5 mm Amplitude, (H) 
Baffles 
0.5 mm Baffles thickness, δ  
12 mm Height, w   
100 mm Pitch, Bp 
7mm Diameter of the hole 
28 % open area ratio β of the rectangular perforated baffles 
16.6 % open area ratio β of the semi-circular perforated baffles 
 
d) Instrumentation 
The temperatures of duct surface (Ts) for 
bothlower, and upper side walls have been 
measured by 12 thermocouples installed 
along the test section. Another two 
thermocouples were positioned upstream 
and downstream of the test duct to 
measure the inlet and outlet air 
temperatures. All thermocouples are type 
K, the diameter of wire is 1mm. These 
thermocouples are wired into a 
thermocouple selector switch which is 
connected to a digital thermometer able to 
read temperature to one tenth of a degree 
Celsius. 
 
To measure the axial pressure drops across 
the test section two static pressure taps are 
located at the top of the duct wall, which 
used to evaluate average friction factor. 
The pressure drop is measured by a digital 
manometer. Digital vane-type anemometer 
is used to measure the air velocities. 
Reynolds numbers are controlled in the 
range of 3826 to 18750for turbulent flow 
region. 
 
The data of electric power input, the 
surfaces temperature, inlet and outlet air 
flow temperatures, and the manometers 
readings are recorded when the steady 
state is attained. 
 
 
DATA REDUCTION EQUATION  
The heat transfer coefficient between the 
air and the heated duct is calculated [8]: 
h = Q/  {A (Tsm  – Tfm )}               (3) 
where the heat transfer rate ,Q, to the air is 
given by  
Q = 𝑚  cp (To  –Ti)  (4) 
In equ. (3) ,A = ((
𝜋𝐷
2
+ 𝐷)𝐿)  is the heat 
transfer surface area ,neglecting the 
surface area of the baffles[9] .in all 
calculations, a mean duct plate 
temperature Tsm  are been used which  are 
been calculated as the weighted mean 
value of the duct plate temperature 
variation obtained experimentally: 
Tsm =∑Tsm / 12 
Tfm is the bulk mean air temperature (Ti + 
To)/ 2 
The heat transfer coefficient was been 
used to calculate the Nusselt number [8]: 
Nu= h dh/k (5) 
Where  
dh :  is the hydraulic diameter of  semi-










And the Reynolds number was calculated 
from 
Re = ρudh /μ(7) 
The friction factor is calculated over the 
test section length as [8]: 
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where 
Δp  is the pressure drop over the test 
section 
The thermal enhancement factor is 
defined as the ratio of the heat transfer 
coefficient of the  enhanced surface to that 
of a smooth surface at the same pumping 
power and given by [10]: 
 
TEF = (Nu/Nus)/(f/fs)
1/3              
(9) 
 
RESELTS AND DISSCUSSION 
The heat transfer and friction factor 
verification of the plain duct without baffle 
is performed by comparing with the 
previous values under a same operating 
condition as shown in Fig. 6 and 7, 
respectively. The results of the present 
plain duct are found to be in good 
agreement with those obtained from the 
foundation correlations of Dittus–
BoelterandPetukhov found in the open 
literature, less than ±0.5% deviations.  
The equations of the Nusselt number and 
friction factor for turbulent flow in the 
duct with constant heat flux are as follows:  
Correlation of Dittus–BoelterIncropera 
and Dewitt,2006: 
 
Nuo = 0.023 Re
0.8
Pr




Correlation of PetukhovIncropera and 
Dewitt,2006: 





Fig.6:Nusselt number as function of Reynolds number for plain duct 
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The average Nusselt number for plain and 
baffled duct within a range of flow 
Reynolds number of 3826 to 18750is 
shown in Fig.8 .Higher is reported average 
Nusselt number for baffled duct than plain 
duct since baffles interrupt the wall 
boundary layer causing reattachment, flow 
separation, and also generate intense, 
highly secondary flows and vortex pairs, 
which increase the turbulent transport in 
this duct. In general this enhances the heat 
transfer.  
 
Variation of the average Nusselt number 
enhancement ratio (Nu/Nuo) for different 
ducts and ducts with baffle is plotted in 
Fig. 9. Its clear from this figure that the 
enhancement ratio is decreased with the 
Reynolds number incresed for all of 
studied cases. The (Nu/Nuo) value is 
obtained for dimple semi-circular duct 
withsemi-circular baffles(DS) which is  
found to be about 1.98 - 4 time over the 
flat plain duct and 1.8 - 3.8,1.7-3.5, 1.6 -
3,1.57-2.7, 1.47-2.5, 1.26-2, 1.1-1.6forCS, 




Fig.8:Variation of Nusselt number with Reynolds number 
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Fig. 10shows the effect of using the 
surface profileof ducts and baffles 
turbulators on the pressure drop across the 
tested duct as shown in terms of friction. It 
is noted from this figure that the use of 
baffles turbulators leads to a substantial 
increase in friction factor over the plain 
duct. 
 
Fig. 11presents the variation of the friction 
factor ratio, f/fo with Reynolds number for 
various ducts and baffles. In the figure, it 
is noted that the f/fo tends to increase with 
the rise of Reynolds number. The use of 
rough surface of duct and inserts the inline 
baffle leads to an extreme increase in 
friction factor in comparison with the plain 
duct with no baffle. The maximum friction 
factor ratio for DS is found to be about 
6.25 - 12 times over the flat plain duct and 
the minimum friction factor ratio for the 
plain corrugated duct is found to be about 
2.25–3.9 times over the plain duct 
depending on the Reynolds number values. 
 
 
Fig 10.Variation of  Friction factor with Reynolds number. 
 
 
Fig.11:Variation of  Friction factor ratio, f/fO with Reynolds number. 
 
Fig. 12 shows the thermal enhancement 
factor for the baffled duct .The 
performance factor tends to decrease with 





9 Page 1-11 © MAT Journals 2018. All Rights Reserved 
 
Journal of Recent Trends in Mechanic  
Volume 3 Issue 1 
maximum thermal enhancement factor is found about of 3 for the  DS. 
 
 
Fig. 12:Variation of thermal enhancement factor with Reynolds number. 
 
CONCLUSIONS 
Anexperimental study is presented to 
investigate of the heat transfer 
characteristics and friction loss in a semi-
circular duct with two types of perforated 
baffles (rectangular baffles with open area 
ratio of 28 % andsemi-circularbaffles with 
open area ratio of 16.6 %) aligned along 
the upper and lower duct walls. 
Conclusions emerging from the results of 
the present experimental study include the 
following: 
1-  Generally, the average Nusselt number 
for baffled duct is higher than the plain 
duct. 
2- The Nusselt number enhancement ratio 
(Nu/Nuo) slightly decrease with 
increasing Reynolds number for all of 
studied cases. 
3- The (Nu/Nuo) value is obtained for 
dimple semi-circular duct withsemi-
circular baffles(DS) which is  found to 
be about 1.98 - 4 time over the flat 
plain duct and 1.8 - 3.8,1.7-3.5, 1.6 -
3,1.57-2.7, 1.47-2.5, 1.26-2, 1.1.6-1 
forCS, DR, FS ,CR FR, D and Ctime 
over the flat plain duct. 
5- The maximum friction factor ratio for 
DS is found to be about 6.25 - 12 times 
over the flat plain duct and the 
minimum friction factor ratio for the 
plain corrugated duct is found to be 
about 2.25–3.9 times over the plain 
duct depending on the Reynolds 
number values.  
6- The maximum thermal enhancement 
factor is found about of 3 for DS. 
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List of Symbols 
As :Surface area of the duct, (m
2
) 
Ac :Cross sectional area of the duct, (m
2
) 
Cp :Specific heat , (J/kg. K) 
dh             :Hydraulic diameter of ducts,(m) 
h        :Convection heat transfer coefficient, (W/m
2
. K) 
K         :Thermal conductivity, (W/m. K) 
Lt        :Test section length , (m) 
m  :Mass flow rate , (kg/s) 
Nu      :Nusselt number for  duct = h. dh / Ka 
P         :Wetted perimeter, (m) 
Q  ::Q  :Rate of heat transfer,(Watt) 
Re         :Reynolds number duct = u. dh / νa
 
T         :Temperature (
o
C)  
TEF    :Thermal enhancement factor 
u         :Average flow velocity, (m/s) 
Subscripts  
a : air 
m : mean 
i : inlet 
o : outlet 
s : smooth 
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    :  Dynamic viscosity, (Pa. s).  
    :  Kinematic viscosity (m2/s).  




D : Dimple 
F : Flat 
R  : Rectangular baffle 
S       :semi-circular baffle 
FR    : Flat duct with rectangular baffle 
CR   : Corrugated duct with rectangular baffle 
DR: Dimple duct with rectangular baffle 
FS    :  Flat duct with semi-circular baffle 
CS  : Corrugated duct with semi-circular baffle 
duct with semi-circular baffleDS    : Dimple 
